in KF.IgF3 has been obtained from electron spin resonance linewidth data. The use of this data in an empirical model previously used with success on ~e2+:~g0 shows that this model also gives an excellent description of the acoustic relaxation losses in F~~+ : K M~F Q .
In order to place this empirical model on a more sound theoretical footing a theory of relaxation losses in multi-level systems based on the rate equations for the population of each level has been studied. The empirical model results only if simplifying assumptions are made and the implications of these are described.
Acoustic relaxation losses occur when the strain of an acoustic wave modulates the energy levels of a system such as that consisting of a number of magnetic ions embedded in a dielectric lattice. The dynamic repopulation of the levels of such a system results in a loss to the acoustic wave. For a two-level system the form of the loss Cx is:
where w is the acoustic angular frequency, v is the acoustic velocity, G is a coupling factor related to the energy level shift per unit strain and T(T) is the relaxation time. It may be shown that the expression for a n-level system reduces to the sum of n -1 such expressions above. Random lattice strains influence the magnitude and acoustic mode dependence of a via their effect on G and on T , and recently a successful treatment of the effect of strains on the relaxation loss 1 due to the Jahn-Teller ion ~i~+ in the A1 0 lattice has been given . In order to understand why this simple empirical model is so successful a treatment of the acoustic relaxation loss in a n-level system has been developed 2+ where P --P23 = P32 etc. Y1 and Y2 are combinations of Pi. The above expression which can be decomposed into two, two-level expressions, has to be summed over all ions. Since each ion has a different strain each has in general a different set of G; and Pi. I f , however, we suppose t h a t t h e P. a r e equal then t h e above expression reduces t o t h e e m p i r i c a l expression and t h e two r e l a x a t i o n peaks coincide.
W e n o t e t h a t experimentally t h e r e l a x a t i o n peak i s observed i n MgO and
KMgF3 i n a region where an Orbach term involving t h e f i r s t group of e x c i t e d s t a t e s dominates t h e r e l a x a t i~n~'~'~. A s i n g l e peak i s observed i n each c a s e , t h e form of which g i v e s a good p r e d i c t i o n of t h e energy of t h e e x c i t e d s t a t e s (MgO, 110 cm-l, K?IgF3, 96 cm-l). This would not occur were i t described by t h e sum of two d i f f e r e n t two-level expressions and t h e s i n g l e peak i s c o n s i s t e n t with t h e Pi being equal. Is i t t r u e then t h a t a l l t h e P. a r e equal o r a r e t h e r e anoth e r s e t of s i m p l i f y i n g circumstances? Rough c a l c u l a t i o n s suggest t h a t although t h e Pi w i l l have t h e same temperature dependence they a r e not c l o s e l y equal i n magnitude.
W e n o t e t h a t t h e r a t e equation method i s equivalent t o ignoring t h e o f f
diagonal elements i n a d e n s i t y matrix formulation such a s t h a t by Isawa e t a l .
The use of t h e r a t e equations assumes t h a t T2 r e l a x a t i o n times a r e much s h o r t e r than T1 r e l a x a t i o n times. A t t h e temperature a t which t h e r e l a x a t i o n peaks a r e observed t h i s approximation may not be s t r i c t l y v a l i d .
The g e n e r a l expressions f o r a t h r e e -l e v e l system i n v o l v i n g such terms a r e , however, very complex and d i f f i c u l t t o handle. I t should a l s o be noted t h a t c u r r e n t Jahn-Teller t h e o r i e s have so f a r f a i l e d t o p r e d i c t t h e equal coupling of T2 and E a c o u s t i c modes t o 2+ t h e Fe ion.
